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ART. XIII.-Tlle Olassi.fication of Animal.s based on the principle 
of OeplUlliwtion i by JAMES D. DAN.A..-No. III. Ola8sification. 
oj Herbivores.1 

THE principle of cephalization and its applications rest on the 
following simple facts: 

(1.) An animal is embodied or con centred force, which force 
manifests polarity in the results of its action in development, that 
is, in the oppositeness of the anterior and posteriol' extremities 
of the structnres evolved and also in the dorso ventral relations 
of these structures. 

(2.) The primal'll potential centre is in the head, or more pre
cisely, in the cephalic nervous mass-an animal being funda
mentally a cephalizcd organism. But, besides this, there may 
be' .ne or more secondary centres. 

(3.) Species differ (el) in the amount of force concentred i 
(b) in the degree of control of the systemic force over vegetative 
growth and development j (c) in the distribution of the force 
along the ~ri:ncipal (or fore·and.aft;) axis-that is, in its beiug 
concentrated mainly :mteriorly, or diffused, to a. greater or less 
degree, from the cephalic extremity posteriorly toward the cau
dal extremity or pole. 

(4.) The differences just mentioned nre expressed in the struc
ture of the organism i and all such expressIOns nre necessarily 
expressions of grade. 

(5.) Each of these kinds of differences must have expression, 
or, be apparent, (a) through the variolls circumstances attending 

1 For Article I. Bee tbelast volume oCthis Jounml (vol. xxxvi), pp. 3Ui, 440; and 
for Article II, this volume. p. 10 • 
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development or growth, and (b) through an the steps in the 
progress of growth, as well as (c) in the resulting structures. 

The above general facts are at the foundation of all the 
methods of cephalization, or decephalization, pointed out in Ar
ticle 1. They receive further illustration in the pages beyond, 
and special explanations on pages 175 to 182. 

This subject of cephalization throws new light, as has been 
shown, on the limits and gradal distinctions of groups. The 
characteristics which it affords, like all others appealed to in 
classification, cannot overrule affinities based on obvious resem
blances in type of structure. Their object or use, on the con
trary, is rather to exllibit the affiliations and distinctions of types 
by presenting new views of their relations and making manifest 
the true basis of aU affinities. Between different types of struc
ture there is generally a difference of grade, which is evinced in 
charaeters that indicate different degrees of cephalization. 

It follows from the nature of the principle that both high and 
low cephalization, although opposites, should often lead to similar 
results; as, fur example, to abbreviations anteriorly and poste
riorly in animals generally-to memberless abdomens in Crusta
ceans-to small wings in Insects, etc. (Art. I, pp. 337, 440). This 
evolving of approximately like results from the opposite ex
tremes of cephalization is one source of the difficulties in the 
subject of classification. But the law cannot, on a'Ccount of the 
trouble it may give, be condemned; for, as I have before re
marked, it is in accordance with universal truth that smallne~s, 
or circumferential contraction, should proceed both from concen
tration, and from lack of quantity, although these are opposite 
conditions. 1'he difficulties in the way of a right use of the 
principle of cephalization are, therefore, in nature, and must be 
met by the only legitimate means-thorough study. 

Many errors ill the aUempts to present to view the system of 
nature have arisen from confounding cases that, as above ex
plained, are widely diverse. The writer would not claim to be 
al ways right in his own interpretations j for he is well aware 
that far profounder knowledge is requisite for unfailing accuracy. 
But he believes that the principle appealed to is right and fun
damental; and if he ventures to present llew classifications of 
departments ~n zo,?logy. in which adep~ i? these departments 
have made trIals WIth ddHerent results, It 1S only to offer such 
illustrations of the principle in view as will serve to exhibit the 
methods of its application and its various bearings. 

In the first article on this subject, after explanations of the 
general subject of cephalization, the higher subdivisions of the 
animal kingdom were considered. In the second, one of the 
Orders was reviewed and an arrangement gi.ven of its subdivi
sions, down to the grade of Tribes. In the present, the classifi
cation of a 1!ribe is followed out, down to the grade of Families. 
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CLASSIFICATION OF HERBIVORES. 

Under the order of Megasthenes,' the tribe of Quadrumanes, 
as stated on p. 334, Art. I, is properly lzypertypic, that of Carni
vores 8uperior typical, that of Herbivores injenor typical, and that 
of Mutilates (or Cetaceans) hypofypic. 

1. Di'slinctt'on8 between Herbiv01'es and the t7-ibcs next 8Upe7·t·or and 
infen'or. 

A. Herbivores show their inferiority to Carnivores, or the 
superior typical group of megasthenic Mammals, on the basis 
of the principle of cephalization, in the following ways: 

(1.) In the fore-limbs being defunctionated of the power of 
prehension and reduced to simple locomotive organs. 

(2.) In the fore-limbs being not as much st'iperior to the hind
limbs in strength as in the Carnivores, and even inferior to the 
hind-limbs in some species,-Herbivores, being less strongly 
pl'Osthentc than Carnivores, and the species of the larger and most 
characteristic group being meiastlzenic. 

(3.) In the structure being strongJyamplificate.-Taking the 
Lion as the standard of size for the highest grade of life among 
typical Megasthenes, the Elephant-certninly inferior in type, 
and, therefore, also in degree or quality of systemic force
exhibits inferiority likewise in its· great bulk i it is a marked 
example of a gro88-amplijicate structure. Hogs and the related 
species are no less gross-amplificate, but on a feebler life-system. 
Again, the Horse and also all Ruminants are long-ampli.ficate, as 
appears strikingly in their lengthened limbs, especially the ex
tremities of the limbs, and, also, in the neck and body. 

(4.) In the head being prolonged or amplificate.-Even the 
Elephant is here no exception i for the great tusks and trunk 
correspond to an elongation of the head extremity, their devel
opment being at the expense of the jaws and of part of the teeth. 
In the Horse, the facial part of the skull is four times as long as 
the cranial portion. (See p. 165.) 

~ In order that the position of Herbivores, as recognized by the writer, may be 
clearly undersfoO'tl by the reader, I repeat here the arrangement of the higher 
divisions of MammalS, proposed in the number of this Journnl for January, 186S, 
(voL xxxv, p. 65), presenting the tribes of Megasthenes and Microsthenes, as before, 
in parallel columns in order to exhibit their parallel relations. 

Order IL MEGA8TIl&NB!I. 
1. Quadromanes. 
2. Carnivores. 
S. Herbivores. 
4. Mutilates. 

Order L MA,N. 
Order III. MlcaOSTHENES. 

1. Chiropters or Bats. 
2. Insectivores. 
3. Rodentp. 
4. Edentates. 

Order IV. OiSroCOIDS. 
Marsupials and Monotremes. 
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(7.) In the extremely wide variations as to size and sbape 
under the type, nnel the occurrence of bizarre featllres.-As, Jor 
example, (1) in the existence of horns on the forehead or nose; 
(2) ill t.he nose being pl'olonged into a proboscis; (8) in the 
teeth being sometimes elongated into tusk~ which have the size 
and funct.ion of horns, and might be enllediato·llOrns; (4) in the 
limbs and neck having sometimes extravagant length; (5) in 
abnormal growths on the body, as in the bump of the Camel 
and the DI'ahmin Ox, the dewlaps of Oxen, etc. 

(8.) In t·he forehead, in verv many species, being perverted to 
serve for defense or attack; nnd the nose sometimes for prehen
sion, digging, etc., as well as defense. 

(9.) III the typicul 'species being elliptic as regards one or 
more of tbe fonr types ot' teeth in one jaw or both, this deficiency 
in the dental series being a characteristic of the type j also in n 
void interval in the series of teeth between the molars and 
canines in the same typicnl species. 

(lO.) In being prematuratlve in development, the young ani
mal having the power of sight nnd locomotion almost as soon 
as bOrll. 

The abnormal outgrowths from the body or skeleton of Her
bivores-as of horns on the forehend or nose, of a proboscis by 
an elongation of the nOSt~, of' tusks, horn·like in function, by 
an elongation of teeth, of humps of fat as in the Camel-serve to 
show, amI even, if possible, more strikingly than the tendency 
to amplificate structure.'!, that the vegetative force in Herbivores 
is far less under systemic control than in Carnivores. The Car
nivores may be styled a tigllt type, the Herbivores remarkably n 
loose one. Stepping over the lille from Carnivores to Herbivores 
is passing from a group of marked regularity to one full of ab
normities. 

B.-l'he superiority of the urosthenic aquatic Herbivores (Si. 
renians) to the Mutilates (Cetaceans) is exhibited in their-

(1.) Having the nostrils never defunetionated, nor perverted 
to blowholes, these organs being essentially like those of terres
trial Mammals. 

(2.) Never being multiplicate as to the number of phalanges, 
or joints, of the digits. 

(8.) Never being multiplicate as to the teeth. 
(4.) Never being so elementalized as to the teeth tbat tbe dis

tinction into the different types (molars, etc.) is lost (Mutilates, 
like Reptiles, Imving the teeth all of a kind). 

(5.) Having the 1lrimary potential centro (p. 157) never abnor
mally remote from the anterior extremity. 

Some specie::! of Cetaceans (Balmrue and Physet.ers) have, like 
the Llmulus among Crustaeenlls, anMhird to one·half of the 
lengt.h of the body anterior to the base of the jaws, so that 
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tbe primary centre (or that of the brain) is very remote from the 
anterior extremity-thus approximating to the position it has 
in the Radiates, and showing a low gt'ade of decephalization. 
See on this point, Art. I, p. 328, and beyond, p. 179. 

Mutilates consequently differ from aquatic Herbivores funda
mentally in (a) being mulliplicate structurest as manifested in 
their limbs and teeth, as well as in the less important fact of great 
length of body behind; and also (0) in bein~ more elf'mellialized 
structures, as shown in the reptile-like teeth. 'l'he type is 
eminently, therefore, a multiplicate and elementalized type, and 
thus stands apart from that of the Sirenians." 

2. P1'osthemc, metaslhenic and vroslhellic distinctions among Her
bivores.-The distinctions, pl'osthenic, meta.sthellic and w"ostbenic 
appear to be an important basis of subdivisions under the Her
bi VOl'OUS type. 

The ul'osthenic species (or those using the caudal extremity for 
locomotion) are the is'iren£ans, as the Dllgong and Manatus. 

The distinction of prosllienic and metasthenic is manifested 
among the other Herbi vores in two ways: (1) a higher or pri
mary, in the general structure; and (2) an inferior or secondary, 
in the extremities of the limbs. 

(1.) In thegeneralstructure.-Under this method, the prosthellic 
species are those in which the fore-limbs are the stronger pair, 
and the metaslhem'c, those in which the hind-limbs are the 
stronger. Theformer include the Proboscideans, RhinoceroseEl, 
Tapirs, Hogs and Hippopotamids. The Hog is particularly 
strong in the ne.ck and iore-quarters. It is well known that a 
fatted hog often loses the use of its hind-limbs from overgrowth, 
nnd not of the fore-limbs, although tIle fore-limbs carry not only 
their sbare of a body nearly equally divided between the limbs, 
but also the htlavily weighted head. 

The metasthenic species are the Soli peas and the Ruminants, 
in which the hind-limbs are well known to be the strong pair. 
The Horse and Camelopard use tbeir bind-limbs for self-de
fense, and so do also, to some extent, many of the Ruminants. 
Among the large Mammals, strength in the posterior limbs is an 
essential requisite for a draught-animal; and not less so for a 
mountain-climber, especially when the fore-limbs are not prehen
sile; and, consequently, nearly all the larger mountain-cliDlbing 
animals, frequenting precipitous heights, are species of Rumi. 
nants.' 

• This definition excludes not em1, the Sireniatls but also the Zeuglodonts, whieh 
hnve been shown to be Carnivores, ~ith Dormal teeth and nostrils, although very 
elongate in body and urosthenic. , 

• For R draught.animal somct1ling more is Deeded than mere strength of hind. ' 
limbs, and consequently all of these metRslhenic species are not good for this kind 
of eerviee. There may be too great length of limD.-too little real strength for the 
long aud steady pull w hieh it requires, and w hieb is very different from the mere 
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Suoh species, strong in the hind-limbs, are well named &keno
mere8'(from the Greek uOello, strong and PFlqrJ' thigh). 

(2.) In the extremities of the limbs.-The sthenic distinction 
referred to under this head is the inferior of the two because it 
appears only in the extremities of those organs which in their 
general reIat.ions exhibit the former. The manifestation of it is 
confined to the hand and foot. 

As the inner side of the hand or foot is the more central side 
in the system and the outer the more circumferential-a fact 
which anyone will become aware of on looking at his open 
hand as it lies on a table-the higher species should have the 
principal strength in the inner fingers rather than the outer. 
The transfer of fhrce from the innermost to the outer, with de
scending grade of species, is well exemplified among Herbivores 
and the higher Mammals. 

In Man the inner toe is the strongest, and the order of strength 
is that of the toes, or 1, 2, 8, 4, 6. It is the same also in the hand. 
In the Gorilla it is the same for the foot, and for the hand there 
is only this difference that 1 and 2 are about equa1. In the 
inferior Quadrumanes and the superior Carnivore.OJ tbe third is 
the strongest as well as largest digit, and in many Carnivores the 
first in the hinder pair is obsolescent. In the inferior Carnivores, 
as the Plantigrades, the third and fourth digits are often about 
equal, and thefifth as strong as the second: thus in Ursus Amer
icanus (as figured in Blainville's Osteolog~'e) 4=8, and 5=2; in 
U. arcios (ferox) 2, 8, 4, 5 are very nearly equal i in U. labiatus 
4 and 5 are the longes~ exceeding 8; in species of NasuCl. 4=8 
and 6=2; in the Oercoleptes or kinkajou, one of the lowest of 
Carnivores, 4 tS CI. little longer tha.n 3 and 5 than 2; in Gulo luscus 
4=3; in the Mustelids, Lutra vulgaris and Afustela Foina, 4=8, 
or 3 is scarcely the longer; in the Viverrids g is generally sligbtly 
longer than 4, but in the inferior aberrant species Eupleres Gov,
dotii and BrJ.8sans astula 4=3 and 5=2. These species are there
fore essentially paridigitate, except that the first digit is present. 
Thus there is an outward diffusion of force in descending from 
Man to the lower Carnivores. 

Under Herbivores, the higher species have the thtrd toe the 
longest--or, they are imparidigitate, as these kinds are usually 
styled.. Thus it is with the Proboscideans, Rhinoceroses and 
Tapirs, and it is so whether the number of toes be three or four, that 
is whether even or odd in number. 

In the inferior Herbivores the force is still more circumferen
tially diffused; for the fOltrth digit is equal to, and sometimes 

movement of the legs demanded of a ben~t of burden,-too little slIperiOl'ity in the 
posterior to the anterior Umb~, or Rn ill..ndjustment of muscles and lungs, etc., for 
the purpose. The Camel, one of the hypotlpic or degradational Ruminants, is a 
case nere included. 
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even stronger thaD, the third i and, at the same time, the fl.fth is 
as strong as, or stronger than, the secona, if both are not alto
gether wanting; while the first is obsolete. The examples in
Clude all the so-called paradigitate species, as the Hog, Stag, Ox, 
etc., in which tbe toes are equal (or approximately so) in pairs, 
the larger pair consisting of the third and fourth toes, and the 
other, of the second andfifih. In the common Ox, thefo'Urt/~ toe 
appears to exceed slightly tbe th'';rd in size, and so also, the 
rudimentary fifth the second. In the Hog, also, the fourth toe is 
sometimes a little the largest. 

This sthenic distinction partially fails among degradational 
forms, such as the Seals, Sirenians and Cetaceans, iIi which the 
structure is so far degenerated that this delicate mark of grade 
has not its full normal exhibition. 

S. Distinction depending on the existence, or no~ of a power-organ 
to aid in feeding, add-itional to those of the jaws.-Carnivores have, 
as one of their characteristics, organs apart from the teeth to aid 
in seizing or gathering their food. Among Herbivores, the 
Elephant has an organ of prehension of great power and per
fec~ion in the trunk or elongated nose. The Tapirs and Hogs 
have also an elongated nose, whicb, although incapable of pre
hension, except to II. slight degree in the former, is a power-organ 
essential to tlie animal for the collection of its food. The Rhi
noceros has a nose-horn serving in the same way. The nose is 
thns in all these groups, from the Elephant to the lowest of the 
Suids or Hog·group, not merely a nose, but an organ of special 
power and use for obtaining the food of the animal; and the 
species might be described in a word as 8thenorltines (from the 
Greek.a88J1o, strong and q', nose). 

The Horses and the Ruminants feed themselves by grazing, 
using their lips, teeth and tongue for the purpose, but having no 
aid from the nose. 

4. Dlstinct';on of gross·amplificate and 10ng·amplificate.-Gro$8-
amplification consists in a general enlargement of t.he structure 
beyond the type-size for a given amount of systemic force, and 
does not necessarily imply a change in the relative sizes of the 
parts, or in their proportions. It may be manifested both in the 
skeleton and in its fleshy covering; and when in the latter it is 
often apparent in the production of an abnormal amount of fat 
over tIie body. This fatty overgrowth is the lowest grade of 
gross-amplification. 

Long·amplfficat&on is exhibited in an increased proportional 
length of the body and its limbs or members, invo1ving in 
Vertebrates an elongation of the bony structure. 

The gr08s·amplificate terrestrial Herbivores are those of the 
Elephant, Tapir and Hog groups, in which there is little differ
ence in the proportioDs of the bOdy from those of the Carnivores. 
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The humerus, for exnmple, bears approximately the same pro
portion ill length to the radius and to the whole limb, and also 
to the neck, in the Elephant, Rhinoceros, Hog and Hippopota· 
mus as it does in the Carnivore. The length of head is increased 
in each of these groups by an amplificate snout-as remarked 
on the preceding Jiage j but this is in part a fleshy elongation j 
and it is sometimes increased also by means of a horn, but only 
an epidermic horn. The bony·structure of the head has an elon
gation beyond that characteristic of the lower Carnivores j but 
it is independent of any in the limbs. 

The Bovine species are examples of gross· amplification on a 
long·ampliJicate structure. 

The long·(tmplificate species include all the Ruminants, together 
with the Solipeds or species of the Horse·family among the Non
ruminants. 

This long·amplification is exhibited prominently in the limbs, 
neclc and head. 

(1.) In the linW8.-As in otber cases, it is manifested most 
strikingly toward tho circumferentiallilllits of the system. The 
hur;nerus shows no elongation, and is often even shorter, as com
pared w·ith the size of the body, in these amplificate species than 
In more typical kinds. Below tbe humerus, amplification is 
apparent in the fact that the radius exceeds in length tbe hume· 
rus j it is still more manifest in the great elongation of the bones 
below, especially the met:\carpa)s and phalanges, the former 
alone being sometimes as long ns the radius. The same general 
facts are true of the hind·limb. Owing to tbis extension of the 
ex.tremities, the joint which seems like tbe knee in the leg of a 
Horse, Deer, Ox, etc. is really the commencement of the foot. 
In the fore·limb of a Horse, the humerus is hardly onefoul'th the 
whole length of the limb; the radius is nearly afoU1·th longer 
than the humerus j and the cannoll·bone is two·tlu'rds as long as 
the radius. In the Camel the proportions are not very differ
ent j the radius is relati vely a little longer, and the can Don· bone 
as much shorter. In the Camelopard the humerus is but a. 
little more than one:fifth of the whole limb (measured, as in the 
Horse, from the commencement of the humerus to the extremity 
of the digits) j the radius is one-half longer than the humerus; 
and the cannon·bone, or metacarpal, is as lon,q as the radius. 
The facts strongly contrast with those among the Elephant, Ta
pir and Hog groups, the humerus in these species being between 
one·thil'd and foul'·nintlLs of the length of the whole limb, and 
longer than the radius. 

It would seem, therefore, that the length of the humerus in the 
long·amplificate species may be taken a.s an approximate indication 
of the true type·size, or as a standard from winch to measure the 
degree of amplification of the structure. Still, I see no positive 
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proof that the humorus is not here shortened in compensation 
for the lengthening below. 

(2.) E~ the nec7c.-No one will question the fact of a long-am· 
~;cation of the neck and head in these species. It is however 

. cult to find a proper standard of length for definite compari. 
sons. There is some special interest in the relations to the length 
of the humerus, and I therefore mention these relations, as has 
been done in the comparisons between the parte of the limbs. 

In the species of Felis, the neck is not longer than the hume
rus j in the gross·amplificate Herbivores, as the Rhinoceros, and 
Hip~opotamus, the same is true; but in the long-amplificate 
Specles, a very different relation exists. In the Horse the neck is 
twice the length of the humerus; in the Camel nearly three times i 
in the Camelopard over three times. 

(3.) In the head.-The outer or more circumferential portion 
of the jaws, correspondin~ to the incisors and canines, pushes 
out, under this amplificatlOn, far away from the more basal or 
molar portion, makmg the void space between quite wide, much 
wider than in the Rhinoceros and Tapir. Referring to the hume
rus as a standard of length, as above, the cranium in the genus 
Felis, measured from the extremity of the jaws to the occiput, is 
from four-fiftks to once this unit; in the Rhinoceros, one and one
jourfll, to one and one-third " in the Horse, nearly twice i in the 
Camel, one and one-third i in the Camelopard, one and a half. 
The ratio for the Camelopard and Camel does not exhibit the 
true condition, because both species are cephalically vastly infe
rior animals to the horse and therefore have unusually small 
heads for the size of the animal. The Camelopard shows the 
long-amplification of its head in the narrow proportion of the 
skull, and the long void sl,lace in the jaws. This aberrant Ru
minant is built, not only 10 its long legs and neck but also in 
its little elongate head, on the type of a Grallatorial or Wading 
bird. 

This amplification or circumferential extension of the head 
appears in many species to be concurrent with that in the limbs, 
as if the two were of like dynamical origin, or had a dependent 
genetic relation in the structure. 

Long-amplification in the head is still further exhibited in the 
typical Ruminants through an outgrowth of horns on the fore
head. This is a frontal elongation, bony in its nature (or baving 
a. bony core at least), and peculiar to these long.amplificate spe
cies. In other wordS, those species in which the bones of the 
limbs grow long have generally long growths of horn from the 
forehead. 

5. Subdivisions in the classiftcation of Herbivores.-The distinc
tions whioh have been mentioned on the preceding pages point 
to the same general arrangement of the terrestrial Herbivores. 

AM. JOUR. BOI.-8EOOND BERms, VOL. XXXVII, No. 110.-MucH, 1864. 
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Two grand divisions are indicated. 
I. The Elephant, Tapir and Hog groups are alike in being'
(l.) Prosthenic in general structure. 
(2.) Gross-amplificate; rarely long-amplificate in the limbs. 
(3.) Not amplificate in the forehead through an outgrowth of 

bony horns-:tbe o~ly horns being nasal, ,and ~hese eJ'!dermic. 
(4.) Amphficate In the snout, there bemg, In addItIon to the 

anterior elongation of the cranium, a fleshy elongation, or some
times an epidermic horD. 

(5.) STHENORHINES, the elongate snout being a power-organ 
for aid in feeding, etc. 

II. The 80lipeds and Ruminants, on the contrary, are-
(l.) Metasthenic in general structure, and, therefore, STHENO

MERES. 
(2.) Long-amplificate in the limbs, neck and head, and some

times, ~"n addition, gross-amplificate. 
(3.) Long-amplificate in the forehead through an outgrowth 

of horns, except in the superior group of Solipeds and tlie infe
rior or hypotypic species. 

(4.) Not amplificate in the fleshy part of the snout. 
(5.) Not Sthenorhines-having no use for the nose but the 

legitimate one. 

The two groups are then-
I. The Prosthenics, or STHENORHINES, including the Elepbant, 

Tapir and Hog groups. 

II. The Metasthenics, or STHENOMERES, including tbe Soli
peds and Ruminants. 

The species of the Ho~-grou.P and ~apir-gr?up are closely 
related, In general form; In theIr short hmbs; 1D the long ana. 
powerful and, thereby, working snout; in their teeth approxima
ting to those of the Carnivores; and in the omnivorous charac
ter or tendency of some species. And the relation of the Tapirs 
to the Elephant-group is no less striking. These affiliations have 
been generally admitted by zoologists. The species of the Tapir 
and Hog groups, especially the latter, are the most Carnivore
like of Herbivores. 

So, among the Sthenomeres, the living Ruminants have by all 
been associated in classification. The Solipeds alone have been 
arranged in most systems with the Pachyderms. But these are 
metasthenic like the Ruminants, being the strongest of Stheno
meres and the most valuable of draught-animals j they are graz
ing animals, like the Ruminants, and have no rooting nose; they 
have the same great length to the void interval on the jaw 
between the molar and the other teeth; and they have similar 
long-ampli:fi.cate limbs. While, then, the Horse has undeniable 
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relations to the Pachyderms, it has close affinities also to the 
Ruminants. It is a 8thenomere and not a Sthenorhine j but 
it stands in the group of Sthenomeres, between the Ruminants 
and the Sthenorhines,' representing a Pachydermatoid division 
in the group. 

The prosthenic species, it appears, are the gross·amplificate, and 
the metasthenic are the long·ampli.ftcate. But this distinction in 
amplification is not of that fundamental nature which would 
lead to its being an exclusive feature of either type; and yet 
the exceptions to its being so are remarkably few. In the gross
amplifo'..ate group, or that of the 8thenorhirles, the Macrauchenia, 
if a 'l.'apiridean (see p. 172), is one exception-the species hav
ing, according to Owen, a long neck, nearly as in tbe Llamas. 
The extinct Paleotheres are other exceptions j for in these Eocene 
associates of the Anoplotheres the metacarpals and metatarsals 
have about the elongation of those of the Anoplotheres. All the 
long-amplificate Sthenorhines are extinct species (p. 183). 

The distinction of prosthenic and metasthenic observed in the 
extremities of the limbs, or the digits, which has given rise to the 
subdivision into Imparidigitates and Paridigitates, affords an indi
oation of grade under the above two grand divisions-the pari
digitate species being the inferior. Thus the Hog·group (pari. 
digitate) stands below the Tapir-group (imparidigitate), and is, 
bence, at the foot of the Sthenorhines,. and the Horse.grou? 
(imparidigitate) is at the bead of the 8thenomeres. As thIS 
distinction is inferior in sthenic value to that of prosthenic and 
metasthenic manifested in the general structure (pp.161, 162), it 
cannot properly be made the basis of the principal grand divisions 
of Herbivores, as proposed by Owen, unless all such sthenic 
characters are overruled by fundamental resemblances in type, 
whioh is here .not the case; the type·resemblances bear the other 
wal, a~d not to a. separation of the Hog~ and Tapirs, nor to a 
un'l'on 10 one group of the Hogs and Rummants. 

The existence in Paridigitates of two horns, one either side 
of the front, is mentioned by Owen as an example of pat;'s in 
these species, additional to that in the toes j and the occurrence 
in the lmparidigitates of a horn (or horns) only on the medial 
line of the front as an additional case in these Herbivores of an 
odd organ. This odd horn occurs only in the Rhinoceroses 
among the Imparidigitates, and on a medial organ, the nose j and 
with so small a range of facts to sustaill the deduction, we may 
reasonably doubt the alleged connectioll between the odd or 

& It may also be here repeated that tho Horse is related to the Ruminants in Dot 
having IL dscitlva developed,-a tlec:idilG, 1\8 stated by Huxley, characterising the 
higber Megasthenes, from Man through the Quadrumanes and Carnivores to the 
bigher Herbivores (the Elephant and Hyrax, -at least); but not the species of the 
Hog-group, the lowesl of Sthenorhines, Dor any of the Sthenomerea. (See A.rt. II, 
p.13). 
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even in horns and the odd or even in the toes. The true dis
tinction with regard to the horns appears to be that already 
mentioned :-that the Sthenorhines have only the nose--not the 
forehead---elongated or amplificated through a growth of horns, 
and this is an eI,>idermic amplifioation, while among the Stheno
meres, an infenor group, the bony structure of the forehead is 
long-amplificate. 

If it be sustained that the Camelopard has 11 central horn on the 
front of the head, as has been claimed and recently reaffirmed, 
a case of an odd or medial horn OCCUI'S among the Paridigitates i 
but it is a forehead-horn. 

We should therefore make the statement thus : 
The Sthenorhines, gross-amplificate species, may have one or 

two nasal epidermic horns, or horns proceeding from the exoskeleton. 
The Sthenomeres, long-amplificate specieR, may have two or 

more frontal bony horns, or horns proceeding from the endoskeleton. 
In addition,' the exoskeleton, under this inferior type, sometimes 
contributes large epidermic additions in the shape of sheaths to 
the horns, as well as hoofs to the feet. 

III. The third group of Herbivores includes only the 8irenians 
-aquatic species that fail of hind-limbs,.like Whales, but bear 
various marks of superiority to the Mutilates, as already briefly 
indicated. 

The grand divisions of the tribe of Herbivores, which have 
been pointed out and elucidated in the preceding pages, are indi
cated in the following Synoflsis, together with the subdivisions 
to which we appear to be led by the further application of the 
principle of cephalization. In connection, one or two of the 
more prominent distinctions of the higher groups are mentioned. 

8ynopsis of the proposed classification of Herbivores. 

I. Sthenorhines. 
Prosthenic. Snout serving as a power-organ, usually elonga

ted. Gross-amplificate, rarely long-amplificate in extinct species. 
Horns, when any, proceeding from the exoskeleton alone, nasal. 

1. PROBOSCIDEANs.-Snout an organ of digital as well as 
brachial prehension. Imparidigitate. 

(1.) Elephantids. 
(2.) Dinotherids. (t) 

2. TAPIRIDEANs.-Snout imperfectly, or not at all, prehensile, 
there never being prehension at the extremity (or digital pre
hension). Imparidigitate. 

(l.) Rhinocero.tids.-Having a Dasal horn. 
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(2~ Tapiroids.-Without a nasal horn. Snout elongate, often im
perfectly pl·ehensHe. 

a. Tapiritls. 
b. Paleotherids. 

(3.) Hyracids.-Without a nasal horn. Snout not elongated. 

3. SUIDE.ANs.-Snout elongate, but not at all prehensile. 
Paridigitate. 

(1.) Suids. 
(2.) Hipp<)potamids. 

II. Sthenomeres. 
Metasthenic. Long-amplificate, even when gross-amplificate. 

Snout not a power-organ. Horns, when any, proceeding from 
the endoskeleton, frontal. 

1. SOLIPEDS.-Without horns. Imparidigitate. 
(1.) Equids. 
(2.) Ml;\Crauchenids. (!) 

2. RUMINANTs.-Having horns in the typical group, except 
often in females. Paridigitate. 

(1.) Cornigers.-Having horns. Frontiferient. 
a. Cervids. 
b. Antilopids. 
c. Camelopardalids. 

(2.) Nudifronts.-Without horne. Not frontiferient, feeble in self-
defense. 

a. Camelids. 
b. Moscbids. 
c. Anoplotherids. 

3. ? 
m. Sirenians. 

Urosthenic, natatorial. Having a large caudal fin for swim, 
mingo PosteriOJ' limbs wanting. 

Manatus, HlIlicore or Dugong, Rytina, etc. 

In the following enumeration of the distinctions of the several 
subdivisions, I confine myself almost entirely to those character
istics which are obviQusly based on the principle of cephaliza
tion, omitting the many anatomical details to be found in zoolo
gical treatises. 

A. &bdiviBion8 of the Sthenorhines. 

(1.) The Proboscideans are distinguished by the high charac
teristic of having in the proboscis a prehensile organ of great 
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power and perfection-one that combines the qualities both of a. 
prehensile hand and a grasping arm, and which, therefore, is 
more serviceable for prehension than the fore·limb of a Carnivore. 
Although this is a perverted ~e of a nose, it is not supposed to 
be attended with any degeneration of the normal sense below 
that of other Herbivores. The elliptic condition of the jaws in 
the species is connected, as already explained (Art. I, p. 400), 
with the ~mormous development of the tusks. The forelimb is 
Jlroportionally as short as in the Lion, and the hand· portion even 
shorter, its length being only one·halfthat of the humerus. 

The Dinothere appears to show in its skull that it was a true 
Proboscidean, tnat is, an animal with an Elephant·like proboscis. 
If so, it was, in all probability, a terrestrial animal, like an 
Elephant, or not more aquatic than a Hippopotamus. The fact 
that prehension is So characteristic of Carnivores and the higher 
Mammals, and, among terrestrial Herbivores, only of the supe
rior species, indicates that it is a mark of high grade, and, there
fore, one that is not likely to be associated in such perfection as 
that of the Elephant with the structure of an aquatic natatorial 
Herbivore. 

(2.) The TapirwAns are related to the Proboscideans in the·. 
snout, and to the Suideans in this and. many other characteristics. 
Unlike the latter, they are imparidigitate, the third finger being 
the longest. The cranium is considerably elongated, being from 
one-half to two·thirds longer than the humerus, and thus di
verges widely from the same in the Carnivores. 

The fil.mily of the Rhinocerotids is distinguished by the greatly 
thickened nasal bones and the nasal horn, and by the snout not 
being at all prehensile. The joints of the fore-limb in the RM .. 
noceros Javanus have very nearly the same proportional length 
as in the higher Carnivores; but the cranium as compared with 
the length of the humerus is one-third longer. 

The Tapiroids have the snout prolonged, and often, if not 
always, somewhat prehensile, the prehension being brachial in 
kind and not digital; and the f<?re·limbs have the outer or fifth, 
toe well developed, while the inner or first is wanting, thus 
showing inferiority (according to the prin9iple stated on page 
162) both to the :r;thinoceros (S-toed) and Elephant (5-toed), in 
eacll of which the toes are nearly balanced either side of the third. 
In one division of the Rhinoceros group, including the extinct 
species made into .the genus Acerotherium by Kaup, the toes of 
the fore· limbs are four in number, as in the Tapir, and besides this 
the horn is absent; and if, as suggested by Blainville, the so-called 
Acerothcres are only females, thereis no question that this extra 
outSide toe without a first is, among the imparidigitate Herbivores, 
a mark of inferiority, as argued on page 162. The same conclu .. 
sion might be drawn, though less sllfely, from the fact that these 
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Acerotheres (whether females or not) are among the earliest 
geological representatives of the Rhinoceros group. 

The Hyracids are degradational forms, baving the snout not 
prolonged and not horned, yet having it terminate in a flat naked 
space with the nostrils on either side, also having the tail reduced 
to a mere tubercle, and having the small size j as well as some 
of the habits, of a Rodent of the Hare family. It is good at 
digging. 'fhis abbreviation before and behind in the Hyrax 
may be an example under the elliptic method of decephaliza
tion, evincing feebleness in a life-system which is of extreme 
smallness for the Herbivore-type. lJ.'he animals of the little 
Syrian Apecies were long since described as "a feeble folk." 
(prov. 80 : 26). 

3. The 8uideans are generally acknowledged to be far more 
closely related to the Tapiroids than to the other Paridigitates 
(or Ruminants). Yet they bear many evidences of inferiority 
to that group. Besides being paridigitate, they have the jaws 
more amplificate than in the Tapirs, as appears in the fact that 
the extremity, bearing the incisors and canines, is more remote 
from the molar portions, and still more strikingly, in many spe
cies, in the canines being elongated into tusks, and the incisors 
also being sometimes large and spaced out. This amplificate 
condition reaches its extreme in the Hippopotamus. There is 
also a great tendency to gross-amplification through the develop
ment of fat-the lowest kind of amplification. Another hypo
typic feature is the graceless and bizarre forms of many species. 
Still another is the abnormal reverted growth of the upper 
canines, which, in one species, the Babyroussa, pass out through 
the facial part of the skull, becoming long curving nasal horns. 
Still another evidence of inferiority is the very small size of the 
brain compared with that of the head. 

The Hippopotamids are extreme examples among Pachyderms 
of gross-amplificate structures, and are evidently hypotypic spe
cies in this hypotypic group. They manifest this in their size, 
grossness of head and body, aspect of deformity in every part, 
soldered radius and ulna, and in their b'eing the most aquatic of 
the group. Their unusually short legs and spread toes, also, are 
evidently marks of inferiority i for in a system so low in struc
ture throughout, these peculiarities cannot be a consequence of 
high cephalization. It is a step toward the Mutilates. 

B. 8ulxUvistons of the Sthenomeres. 

1. The Solipeds rank the Ruminants, not only because imparl
digitate, but also, because of their higher grade of digestive 
system, and the bare forehead j for in these species absence of 
horns appears to be a mark of elevation. That they are the 
highest of Sthenomeres is also evident from the elegance of form, 
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graoe of motion, fleetness and strength which characterize one 
or more species of the group, and whioh oombination of qualiti.es 
is presented in equal perfection in no other Herbivore. The 
type, therefore, may rightly claim the first plaoe in its grand 
division, and not a subordinate one, either between Tapirs and 
Rhinooeroses or Hogs, or below Goats and Oxen. 

The Macrauchenia, according to Owen, was muoh like a Rumi
nant in its legs, although imparidigitate, and near the Camel in 
its neck, while it had probahly (the head is yet unknown) no 
Tapir·like probosois. The radius and ulna were united, and so 
also the tibia and fibula. Its place in the system may be, there
fore, along side of the Equids, or the imparidigitate Sthenomeres. 
If, however, the animal had a probosois, the speoies would fall 
among the Tapirideans and represent an inferior long-amplifi
cate subdivision. The term 80lipeds or Solidungulates, might well 
be replaced by Equideans, as the existenee of a solitary hoofed toe 
is not an esseutial characteristic of the grollp. 

2. The Rum.inants are naturally divided into two groups.
(1.) The Oornigers or typical species.-These are (a) furnished 

with horns (whence the name applied to t.hem) at least in the 
males. They are (b) frantife?'ient, that is, strike with the forehead 
in attaok. (c.) The foot has great compactness, the two prinoipal 
toes (normally the third and fourth) being so large, and so we1l 
hoofed, that tbe animal walks upon them; the hoofs are flat on 
the inner side and fit well together, so as to look and act muoh like 
one oloven hoof. (d.) The two posterior toes (second andfiftlt) are 
too short to touch the ground, and are sometimes altogether 
wanting. (e.) Two metaoarpals, and also two metatarsals, are, 
with a rare exception, coalesced into a single "cannon-bone" j 
also, the scaphoid and cuboid bones, at the base of the cannon
bone, are united. These particular characters are here enumer
ated in order to exhibit the contrast between this type and that 
of the N udifronts. 

The two families of Cervids and Antilopids, mentioned in the 
Synopsis, page 169, are the sam~ in limits as those usually so 
named, except that the Camelopard is excluded. The Camelo
pardalid is the speoial long-amplificate, or Heron-like group, 
under the Corniger type. The horns are persistent, as in tlie 
Antilopidsj but instead of a corneous sheath, they have for a 
covering only the hairy skin. In this respect and, further, in 
their extreme long-amplification, in the young animal's having 
horns at birth, and in their using the hind-legs in kicking as the 
principal means of defense, like the Horse, (and not merely as 
the occasional, like many Ruminants,) they diverge from the 
other Cornigers and rightly constitute a separate famUy,and one 
hypotypic in grade. It is stated that the males sometimes make 
use of their horns in attack; and one female at the Zoological 
Gardens, London, is said to have driven her horns through an 
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ineh board. As the head of a Camelopard is raised seventeen 
or eighteen feet above the ground, the systemic force in this 
inferior Herbivore is diffused through a sphere whose radius is 
nearly twice that of tbe Lion, and six to eight times tbat of its 
superior among Herbivores, a common Stag or Goat-a. condition 
betokening very low grade. Its inferiority among Cornigers is 
also apparent in the srpall head and brains for so large a body, 
its singularly awkward use of. its long limbs when running, and 
its being a mute animal. 

(2.) 'l'he Nud(rronts.~The N udifronts manifest their inferior
ity to the preceding in different ways.-

(4.) In a comparatively relaxed condition of the extremities. 
In the Oamelids, the toes spread forward so that the animal 

walks on a pad or pads beneath the foot and toos; the hoofs 
a.re small, of symmetrioal shape instead of being fitted to one 
another, and cover only the extremities of the tOes; the scaphoid 
and cuboid bones of the tarsus are disj unct; and the cannon· bone, 
though single, is divided at its lower extremity to a higher point 
than in the Oornigers. 

In tbe Moschids, the toes are lax, as in the Camelids, and simi
la.rly covered with short hoofs, so that there is not the appear
ance of a single cloven hoof; moreover the two posterior toes 
are elongated so as to touch the ground in walking; and, in 
one species, not only are the scaphoid and cuboid bones disjunct, 
but also the metacarpals and metatarsals which make up the 
cannon· bone of the Cornigers and Soli peds. In otbers, also, the 
metacarpals are not completely coalesced. 

The Anoplothel'ids are like the Moschids in the lax condition 
of the two large toes; and, as in the Moschu.s aquaticm, the 
scaphoid and cuboid bones are disjunct and also the metacarpals 
and the metatarsals. 

(1).) In the-forehead not being a power-organ, and not furnished 
with horns.-

This condition in an animal may be a mark either of a highly 
eeFhalized, or of an enfeebled, life·system. In the Horse it 
a.ppears .to be the former. ~ut,in. tbe N u~ifr~>nts, it is ~o asso· 
clated WIth other proofs of loferlOnty that It IS unquestIOnably 
additional evidence of this inferiority. Absence of borns cbar
acterizes the .felnales of many Cornigel's, which shows that it 
might naturally be a feature of related inferior species. 

The Camel and Mllsk-deer have feeble heads, Doth as respects 
mechanical and psychical power. Tbe Musk-deer not only has no 
trace of horns but the forehead is not used in defense or at
tack, being apparently unfitted for this purpose. 

(c.) In their feeble means of defence and bizarre shapes.
The Oamel sometimes bites-an almost univerSal propensity 

a.mong animals, there being a consciousness of power in the 
Alii. JOt1R. SCI.-SBCOND SBRIES, VOL. XXXVII, Nt). l1O.-MARcH, 18M. 
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jaws when none elsewhere. The male Musk-deer is aided by 
long canines i yet it is avery timid animal, and although it 
takes extraordinary bounds when :fleeing from a pursuer, it is 
said to become very. soon exhausted, and thus is a lIttle after the 
Grasshopper-style among hypotypic Insects. The Llamas spit. 

The Camel has a body out of Eroportion to its legs, and 
exhibits awkwardness in features and gait i its hump is an abo 
normal growth of fatty and cellular tissue, having no functional 
value beyond that of serving as fuel for the craft; when out on 
the desert i and its· formation evinces large vegetative powers 
with consequently feeble systemio control. 

(d.) In the presence of canines in most of the species; and 
in the Anoplotherids the set of teeth, besides being complete, 
having the canines short and not projecting, as in Man.-

The variation from the Ruminant type in the teeth shows a 
tendency to return to normal r~uJ.arity and simplicity, as is 
common in inferior species (Art.!, pp. 326, 440), and 18 not a 
mark of elevation toward the Pachyderms. 

Owen observes that an Anoplotherid resembles, in its absence 
of horns, its divided metatarsals and metacarpals, its lax toes, 
and its even and normal number of teeth, "the embryo Rumi
nant," these characteristics of the embryo being retained in them 
through adult life. He speaks of it, again, as exhibiting the 
features of the more generalized (or less specialized) Mammalian 
tYI,>e, and remarks upon the same as also shown, though less 
strikingly, in the Oamel. This relation, so correCtly presented, 
accords with the view we hold, that these species are low in 
grade of cephalization i fOJ: a condition analogous to that of an 
animal in an unfinished or young state is one of comparative 
feebleness. The embryological resemblance, on this view, ex
tends not only to form but also to force. 

The Pachydermatoid qualities in the Moschids, and some among 
those so regarded in the Oamelids, correspond therefore tc;J a 
degradation of the Ruminant-type. 

On page 165, the long-amplificate jaws and limbs of SoUpeds 
and typical Ruminants are shown to be mutually dependent on 
that condition of the systemic force which is essential in order 
to bring out the Ruminant type-structure. It here appears that 
the relaa;ed or enfeebled condition of that foree which. leads to 
a lax state of the digits or extremities of the limbs is attended 
by modifications of the teeth-the dental series losing its type
character by the development of some or all of the missing teeth, 
and so returning toward elemental regularity. The two ex
tremes of the body, the jaws and the limbs, thus vary together 
with the enfeebling or relaxation of the systemic force. 

It is aI>parent, from this survey, that ~he N udifronts are distinct 
from the 1:i.igher Sthenomerea in several important characteristics, 



based on the principle of Oephali%ation.-Herbivores. 175 

indicative, each, of inferiority of grade. They are feeble in the 
head, and have no use for the forehead in attack or defense; 
they are weak as to means of defense of any kind; they have a 
lax condition of the extremities; they have a more complete 
and regular series of teeth, but as a result of a more diffused 
state of the systemic force, or less systemic control. 

C. Sirem·ans. 

The distinctions of the Sirenians have already been sufficiently 
indicated (p. 169). 

In conclusion, the writer may here state that he does not look 
upon the classification which has been presented, as in all points 
that to which beyond question the right application of the princi
ple of cephalization leads j but only as that which, as far as he 
now understands the facts and the principle, appears to him to 
be correct to nature. 

D. Dynamical eonsideratt·ons. 

1_ Amplijication.-On page 165 it is shown that in the skeleton 
of the long-amplificate Herbivores, the head and limbs are both 
elongated, although unequally; and that the elongation is little 
or none in the basal portion of these parts, while large in the 
rest, and especially toward the extremities of both the jaws and 
limbs_ 

On page 174, it is likewise shown that a relaxation of the parts 
in the extremities of the limbs is concurrent with a relaxing also 
of the elements of the jaws. 

Thus the head and the limbs, parts alike circumferential, 
undergo analogous changes under similar conditions-the am· 
plification in the head increasing from the basal portion of the 
skull toward the extremity of the jaws; and that in the limbs 
increasing from the body toward the extremities of these limbs. 

Now it is to be noted that, while the head and the limbs 
diminish in amplification toward their basal portions, they are 
separated in the same species by a long-amplificate neck. It seems 
to follow, the;tefore, that the head is one centre of amplification, 
and the body another; or, in other words, that there are two 
distinct centres of amplification, a cephalic and a thoracic, the 
former the primarg. 

The question may be asked, whether the neck, in its amplifica
tion, should be oonsidered as subordinate to the cephalic, or to 
the thoracic, centre, or to both equally. In reply, it is to he 
observed that the amplification in the case of the neck accords 
in amount much more nearly with that in the limbs than with 
that in the head. Moreover, short limbs and a short neck go 
together (as in the natatorial Herbivores and Mutilates), even 
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when tbe bead is excessively elongated j and w heq tbe lim be 
are reduced to fins, as in Fishes, the neck is essentially wanting. 
Again, the longer cervical vertebrreare those most remote from 
the body, and the stoutest those nearest it; and, in the Camelo
pard, an animal in which the part of the limbs remote from the 
body is very much elongated, these cervical vertebrre remote from 
the body are likewise much elongated. It would hence appear 
that the amplification in the neck in these species is subordinate 
mainly to the thoracic or secondary centre. 

But although this argument in favor of a connection at times 
between amplification in the neck and limbs may appear direct, 
we deem it only a doubtful suggestion. In any case, the fact.of 
two systemic ccntres in Mammals seems to he established-one, 
the cephalic or superior, quite small in radius und with narrow 
limits of amplification; the other, the thol"acic or 1·nfr.rior, very 
large in radius, and admitting of a wide range of amplification. 

In Crustaceans the head and thorax make one single division 
of the body, the cephalothoraxj and the cephalic nervous mass 
is often quite near the first thoracic, the two in some inferior 
species being on opposite sides of the esophagus. '1'he cephalo
thorax here corresponds, therefore, to one single primary cen
tre j and this centre is situated near the anterior margin of the 
mouth-aperture, or between the mandibular and 2nd-antennary 
segments, where it is placed by the writer in his former articles 
on this subject. There is an inferior or secondary centre in 
Crustaceans, but this is abdominal, as remarked in Art. I, p. 822. 
In Insects, as the body consists of three parts, a head, thorax 
and abdomen, there appear to be, besides the cephalic, two 
secondary centres, a thoracic and an abdominal j and in the 
Mantids and like speeies we have an example of a large anterior 
a.mplification of the thoracic. At page 828 of Art. I, Do fact is 
mentioned bearing on the existence of two centres in Worms. 

While amplification, then, depends on the degree of systemic 
control over vegetative growth and development, it may take 
place about the structure as a systemic unit, or about its primary 
and secondary systemic centrcs j and each centre may be more 
or less independent of the others in the amplification subordi
nate to it. 

When, in an organism, the systemic force controls in the 
highest possible degree, under the type, the tendency to vegeta
tive increase, or the mere powers of growth (the centrifugal 
tendency), there is the highest concentration and greatest cir
cumferential contraction; and when in any less degree, there is 
amplification or circumferential extension. 

When the systemic control is still so great as to keep the parts 
essentially within typical proportions as to relative Iengtns of 
parts, the amplification, if any, is simply gross.amplification
gross-amplification of the whole bony structure in superior spe-



based on the principle oj"Cephalization.-IIerbivores. 177 

cies, and of fatty, cellular and dermal tissues mainly, in species 
of a feebler life·system. But when the control is less complete, 
the parts of the bony structure increase in length by amplifica
tion, especially the more circumferential portions 9f them-tIns 
amplificating tendency increasing in amount with the distance from 
the systemic centre or centres-and the structure is long-amplificate. 
With a feebler life·system, not able to keep the structure evolved 
to type-perfection, the limbs may have lax or imperfect extremi
ties, that is, lax as compared with their condition in the typical 
species under the type_ 8 

2. Definiteness qf tile distinction of gross-amplificate and long-am
pli!icate.-It has been observed that the two higher groups of 
terrestrial Herbivores are distinguished, the first, by being very 
generally gross-amplificate in the structures included, and the 
second by being long-amplificate, and that the two groups are 
thus quite well separated, there being but few cases of long
amplification in the former, and the gross-amplification in the 
latter taking place upon long-amplificate structures. It is a. 
general fact throughout the animal kingdom that the long-am
plificate groups under a type stand apart from, instead of blend
ing insensibly in this respect with, the typical or gross-amplificate 
groups. Thus there is a Tipulid group among Dipters j a Gralla
torial group among Birds of the tribe of Prrecoces j a Heron 
group among the Altrices; a Serpentarius family among the 
Accipiters, etc. 

The reason for this definiteness of limit between gross-amplifi
cate or typical forms and long-amplificate is apparent from the 
preceding discussion. To produce the former, there is the sys
temic control w hicb determines typical proportions and admits 
only of narrow limits of variation. For the latter, there is a 
diminished degree of that control, leaving vegetative growth to 
elongate the stmcturej and this diminution is not one of gradual 
stages, but an abrupt step down to the new condition. The 
limits of typical proportions once fairly overstepped, the struc
tures pass suddenly to amplificate forms of very varied propor. 
tions. This capability of elongating the bony skeleton in Sthe
nomeres is very different from that of mere general enlargement 
which characterizes the Sthenorhinesj and without an abruptness 
of transition between the two conditions the two types would 
not stand as far apart as they do in style of amplification. 

3_ Axial distrihution offorce.-The retroferent method of tkephal
ization.-There is another law with regard to the systemic force, 
ta which the above, relating to amplification, is actually subordi-

B The separateness of these two powers is also illu&trated by the arrest of devel
opment in the brain, in many cases, as shown by fewer gyri and a greater simplicity 
of {"Ids, while there is an increase of size up to normal dimensions. See W. O. 
Hinor's translation of articles by Dr. Wagner, in this Jourllal [2], xxxiv, 188, and, 
in particular, the remark of Dr. Minor on this pofnt, on p.199. 
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nate-which is, that the force may vary in cephalic concentrattOn, 
and thereby in its distribution along the principzE body-azi8_ 

It has been shown in this and the former articles that there is 
often, with descending grade of species, a transfer of force and 
function backward in th~ structure-a method of decephaliza
tion termed the retroftren~ and including under it, the prostlleniC'., 
metasthenic and uro8thenic conditions of structure. These have 
been illustrated from' all departments of the animal kingdom j 
and with examples from Herbivores in the preceding pages. We 
refer again to the facts among Crustaceans in this Journal (vol. 
xxii, 14, 1856, and the cbapter in the author's Expl. Exped. 
Report, p. 1412,) as especially clear and conclusive, and as hav
ing peculiar interest because historically the source in the wri
ter's mind of tbe principles here explained. 

Moreover, this backward transfer of force and function mani
fests itself also in the posterior elongation of the structure and 
also in some anterior dilation. Conversely, elevation of grade is 
manifested in the abbreviation of the structure behind, and to 
some extent also anteriorly, and in the transfer of force and 
function forward, or toward the cephalic extremity. 

This connection of grade with a transfer of force along the 
body-axis-through a weakening or strengthening of the cephalic 
concentration-is dependent on the polar or cephalic nature of 
an animal-a condition remarked upon in Art I, at page 321, 
and referred to at p. 157 of this paper. The higher the grade 
of a species under a type, the greater the extent to which the 
force of the system is gathered in, or toward, the cephalic ex
tremity or pole; and the lower the grade, the more complete its 
diffusion toward the posterior extremity.o 

In the forward transfer attending cephalic concentration, the 
anterior limbs, as the species rise in prosthenic character, in
crease in muscular force, so that, as in Carnivores, this force is 
far greater in the fore-limbs than in the hind-limbs. When 
the transfer of force toward and about the anterior or cephalic 
extremity is at its maximum under any type, the structure is 
!J.!08t/umtC in the highest degree possible for that type. But if 
the anterior extremity of the body-axis is not in this maximum 
state, owing to a diffusion of the force posteriorly, the condition 
is one less prosthenicj by a further loss and diffusion posteriorlv, 
there may be another step down (for such transitions, as we have 
before found, appear to be by a saltus) perhaps to a lower grade 
of prosthenic, or else, still lower, to a metasthenic condition, and 
attending this, there is often an increasing length of body j by 
a further loss or diffusion posteriorly, there may be the pro-

• In my last article (Art. n. p.IO) I have referred the amplificate and retroferent 
methods of decephalization alike to apocmtric distribution of force-or diffusion away 
from thel?rincipal or cephalic qstemic centro. This, although true, is but an im
perfect IIXpre86lOD of the Cact. 



based on the principle of Cephalir.ation.-Herbivores. 179 

founder desoent to a urosthenic oonditiont with great length 
behind and a large part of the foroe of the struoture thrown 
into the caudal extremity. 

But, besides the inorease of muscular force attending oephalic 
conoentration, there is also inorease of oephalic force-the senso
rial and higher oephalic-an increase which is not so easily 
measured or compared. Man is probably prosthenio looking only 
to his limbs, the arms being stronger than the legs. Yet this is but 
a small fraction of the force which makes him the prosthenic being 
he is. The force is so largely purely oephalic, that he maY' be 
styled, with special appropriateness, cephalosthenic. In such a 
species the increase of foroe along the body. axis from behind 
forward would be represented by a very rapid divergence of 
lines; in a Carnivore, by a divergence much less rapid; in a 
Whale by lines diverging but little from parallelism. 

When the supremacy of the cephalio extremity in an organism 
is of high order, the cephalic centre is near the front margin 
of the head. Thus in Man, the being eminently of onward 
head-powerl the jaws projeot but slightly beyond the anterior 
margin of the brain; moreover this cephalic concentration and 
contraction is connected with a reduction of the number of teeth 
from 44 to 82, one pair of incisors and two of premolars being 
wanting in either jaw out of the full number that belongs to the 
Mammal type. There is a great contrast between this abbrevi
ated form of head and the elongated cranium of the 44-toothed 
Anoplothere, one of the lowest of Herbivores. 

When the oe;J;lhalic supremacy is so feeble that the foroe approx
imates to eq.uallty along all parts of the body-axis, the anunal is 
the next thmg in grade of life to a plant; the oephalio oentre in 
such a case often has a position remote from the anterior ex
tremity, the head portion becoming greatly dilated, as in the 
Whale as mentionea on page 160. If; in addition, the systemic 
fo1'Ce is feeble, the body may be contracted both before and 
behind, about the nearly central cephalic polel as in Radiates. 

With decreasing cephalic concentration, there may be not only 
increasing length throughout the structure, and especially eir
oumferentiarlly, but also an increasing relaxation of the parts of 
the structure, and a tendency toward a resolution into its nor
mal elementsl or an elementalizing of it; and also a tendency 
toward an equality in: the series of parts or elements. This IS 
deoephalization by the analytic method explained in Art. I, p. 826. 

The same kind of relaxation, favors not only ordinary vegeta
tive increase, and an analytic resolution of structure, but often, 
alsol that extraordinary multiplication of parts included under the 
multiplicative method of decepbalizatiQn (Art. I, p. 825), and that 
multiplication of ova or young at a birth, included under the 
genetic method (Art. I, p. 880). In the higher animal species, 
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the forces- and material of the being can develop at one time but 
one or a few ova j in others inferior, the amount required for each 
is so small, or, is so small a part of the whole energies of the indi
vidual, that the number produoed is almost indefinitely large. 

4. Relation of the lallJ of ampliflcatioll to the law of axial di8tribu
tion of jorce.-The condition as to the distribution of force along 
the body-axis under a type, determines, as has been shown, the 
form or general nature of the struoture, in any case, and the 
structure thus established is that which undergoes amplifioa.tiol1. 
Thus the law of amplification is secondary to the law of axial 
distribution. Gro~-amplifioation in a Whale is amplifioation of 
a. ur08thenw structure, or one in whioh the forces are so distribu
ted along the axis that the anterior pole is not very hi~hly supe
rior to the posterior-a structure which is of great length and Size 
behind because urosthenio, or feeble in cephalic polarity, while, 
at the game time, powerful in life-system. 

6. .D~minution of «phalic concentration or polarity not nece88an1y 
a diminution of the total amount of force in an organi8m.-As a 
Whale has more locomotive force than any other animal, it is 
evident that the tra.nsfer of force posteriorly, or the loss of ce
phalic concentration, does not neoessarily involve a great di· 
minution of strength of body: in a transfer of force, there is not 
neoessarily a lessening of force. In fact, it might be inferred from 
the case of the Whale, and also from examples among the higher 
Mammals, that sensorial and other higher cephalic force becomes 
converted, in the transfer posteriorly, into muscular force j 80 

that a Whale is a representative of the force of a typical megas
thene,-a Lion, for example-in the condition almost exclusively 
of muscular force. The last part of this statement may be quite 
true j for the Whale may not differ from a Lion so mucb in 
amount of systemic force as in the proportions of that force 
divided between the several kinds of musoular, sensoria1, and 
psychical. ~ut this c~mmutation of kinds of force cannot prop
erly be admitted. It 1S more correct to say that the systemIc 
developments in one case produoe almost solely muscular :fbl'Ce j 
in the other, less of this with a larger proportion of sensorial, or 
sensorial and p~ychical.i and that th~e proportions aroe d~~rmined 
by the cepha1ic polanty of the hfe·energy cooracterlZ'lng the 
organism under development. The brain is the last part of an 
animal that is perfected. It beoomes oomplete in its powers only 
after the rest of the structure has so far reached Its limits of 
growth th8:t the whole system may combine its nut~ient energi~ 
and matenal on the one great feature of the bemg. In th1S 
way the cephalized structure attains its most highly cephalized 
condition. 

The views here set forth rest on the ground that in a living 
organism there are not ooly molecUlar forces everywhere indi
vidually at work, carrying on all changes and growth, but also 
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that there is centralized control over aU molecular forces, deter
mining the limits, nature and condition of the organism.'· 

I would not be understood as inclnding Man's higher nature 
among the attributes that can be developed out of simple mat
ter and ccphalizecllife_ For Man evinces in his power to com
prehend Nature's laws and usc them for his physical, intellectual 
And moral progress, that he is above Nature. He shows in his 
thoughts of' the infinite-in his recognition of an omnipotent 
Creator, (or, as well, in his efforts to reason himself out of this 
:recognition, or into the substitution of an infinite Nature)-in 
bis sense of obligation to moral law, and law as emanating from 
an infinite God-in his aspirations towards the infillite-in 
his hopes reaching into the indefinite future-and in his capa
bility of indefinite development, that be has within him an 
element of the infinite, a spiritual element, which places him 
above nature, constitutes bis likeness to his Creator, and assur\!s 
him of It futUl'e of spiritual existence apart ft'om matter and its 
inferior developments. 

6. Distinction of Megasthenes and ilficroslltenes.-The filet sLated 
with regard to the powerful life-sJRtem of the Whale affords aid 
towards a definite understnnding of the distinction between the 
great groups of Megasthenes and Microsthenes. 'rhe subdivi
sions of these groups are mentioned in a note to pnge 159, and 
in a manner to exhibit their parallelism :-the Quaarumanes and 
Cbiropters being in one line, since they have long been regarded 
as correlates in many of their characters j so Carnivores and 
Insectivores ill the second i Herbivores and Rodents in tbe 
third j and Mutilates and Edentates in the fourth. Carnivores 
and Insectivores are both carnivorous and both prosthenic tribes. 
Herbivores and Rodents are both herbivorous, and the larger 
and most characteristic part of the former and all of the latter 
&l'e metnsthenic. Mutilates and Edentates are both degradatiollal 
types;' the latter, like the former, sometimes multiplicate and 
elementalized in their teeth, sometimes wholly elliptical as to 
teeth, sometimes vast in amplification j and bearing, through all 
their structure, evidence of great inferiority among the placental 
Mammals. The mean sizes of the Megasthenes and Microsthenes 
have been shown to be about as 1: 4. 

Now the Whales, by their enormous muscular power, make it 
manifest, as has beeu explained, that they are true Megasthenes, 
or that the lif~-s'ystem is reall.r large, not yery much smaller per
haps than that of the higher Herbivores. Although degradational 
species, they still retain this peculiar feature of the Megasthenic 
type. 

J. This idea is illustrated by referenr.e to tile nature oC coral polyps in the wri
ter's Report on Zoopllytes, 4to, 1846. 

AM. JOUR. SCL-8EOON:& SB:IUB8, VOL. XXXVII, No.1l0.-MA..ROH, 1864. 
24 



182 Dana on the Olassification of Animals 

The Edentates are also large beasts, and the first impulse, 
under the influence of the sense of sight, is to declare them like
wise Megasthenes, because they are big enough to be so. But 
these animals, large and small, while degradational like the 
Mutilates, are in striking contrast with the latter as regards 
muscular force and all other pow~rs. They are cephalically 
feeble, below other Mammals; and they are of extreme muscular 
debility as compared with a Whale or any Megasthene. There 
is no ~ncrease of muscular power because of the degradation of 
the sensorial and psychical elements, as in the Whale, but a 
general degradation of every function and part. Thus they are 
literally microsthenic in life-system. Oompared even with a 
quick-moving Rodent, the slow Sloth is muscularly feeble; for 
relative strength is to be measured, not by the single blow that 
ma.y be given, but by the product of the strength of a single 
blow into the number of times this blow may be repeated in a 
given time, as for instance, in twenty-four hours. 

The Edentates appear therefore to be as truly degradational 
Microsthenes, as the Mutilates are degradational Megasthenes. 
They show their feebleness according to the elliJltic method, in 
their head and jaws to an extent not manifested even among 
Mutilates. 

The Edentate type exhibits its inferiority to that of all other 
placental Mammals also in admitting more or less of a com
mingling of Reptilian characteristics with the Mammalian, as ap
pears in the scale-made or shield-like armor of many species, the 
feeble sensibility of all, and several peculiarities in the skeleton: 
-6howing thus that the type holds a position in some respects 
between those of Mammals and Reptiles, or at the extreme lower 
end of the placental series. 

D. AdditionalObservations. 
1. Grade among groups.-The gronps under the several subdi

visions in the proposed classi6.cation show a gradation in rank 
corresponding with their position. Moreover, the third gronp, as 
in the higher subdivisions of the animal kingdom, and in those 
presented in the article on Insects, is literally a "'!lpotypt'c group. 
The hypotypic features are connected either with a more or less 
aquatic mode of life, and gross-amplification, or with long-ampli
fication. 

It may be here observed that were we to make the Impari
digitates and Paridigitates the two grander divisions of Her
bivores, and so unite the Solipedf! to the Proboscideans and 
Tapirideans, and the Suideans to the Ruminants, the Soliped!! 
would have to go, because meta8thenic, at the foot of the higher 
division, when they have the' characteristics of a superior typical 
group, and not those of a hypotypic j and the Suideans would 
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take their place at the head of the lower, before the Ruminants, 
because prosthen£c, although decidedly hypotypic in shape, struc
ture and stupidity. 

2. Designations of the gl'ades of subdivisions in the tribe of Herhi
vores.-Under the tribe of Herbivores, the subdivisions of the 
first grade,. that is, those of Sthenorhines, Sthenomeres, and 
Sirenians, may be conveniently named subtribes. The subdi
visions of the second grade, or those of Proboscideans, Tapir
ideans, etc., may be called tribules, this word being diminutive 
of tribe. . 

The subdivisions of the third grade are, with three exceptions, 
famili.es. The three exceptions are that of the Tapiroids among 
Sthenorhines, and those of Cornigers and N udifronts among 
Sthenomeres, for each of which the term stirps, ~ne already some
what in use in classification, might be employed. The name of 
the group of Rhinocel'otids might be written Rbinocerotoids, so 
as to make it coordinate with that of Tapiroids ; but it would still 
contain only the single family of Rhinocerot£ds, and the change 
would be adding words to the system without sufficient reason. 

3. Geological History.-The earliest of Herbivores in geological 
history, or those of the opening Tertiary period, were mostly 
species of Tapiroids and N udifronts-Loplnodon ('rapirid) of 
the earliest Eocene, being one of the genera of the former, and 
Dichobune (Anoplotherid) of the same epoch, of the latter. The 
Lophiodonts led off, therefore, the Sthenorbines, and the Dicho
bunes, the Sthenomeres. Later in the Eocene, jf not cotempo
raneously, there existed the Paleotheres and tbe true Anoplo
theres, as other representatives, respectively, of these two grand 
divisions; and with these there were species of Suideans or the 
Chreropotamid type. The Sirenians were also among the first 
of Herbivores; and the earliest Eocene genus of these urosthenic 
species, Halitherium, was related to the Halicorids. 

It is to these Eocene species, according to aU a.nalogy, that we 
should look for the closest approximation of the two grnnd 
divisions of terrestrial Herbivores. And so in actual fact, the 
Anoplotherids, as long since observed by Cuvier, have near re
lations instirueture to the Tapirids and Suids among the Sthe
norhines, as well as to the CaOlelids among Stbenomeres. rfhis 
accords in general relation with the facts among Insects men
tioned at page 33 in Art. II. 

In the Paleotheres, among the earliest of Sthenorhines, more
over, there was, besides an approximation to the Sthenomeres in 
general structure, an approxImation also in long·amplification 
(p. 168), a feature which is typical for the Sthenomeres, but which 
disappeared almost entirely from among the Sthenorhines iii the 
later exhibitions of the type. 




